he number of patients with end-stage renal disease (ESRD) in Japan has increased almost linearly since an individually pursued survey began in 1983, reaching 197,213 at the end of 1999. 1 The gross annual mortality percentage was almost 9% in Japan, and was lower than that of Western countries. Indeed, in the USA and Europe, mortality within the first 3 months of starting renal replacement therapy (RRT) was disproportionately high, between 6 and 16%, 2,3 and represented 32% of deaths occurring within the first year of RRT in 1 series and 47% of deaths in the first 2 years of RRT in another.
tory, hypertension, diabetes mellitus, smoking and elevated serum cholesterol levels. More recently, homocysteine and lipoprotein(a) were identified as additional coronary risk factors, necessitating a broadening of existing risk factor reduction strategies. Many of these traditional risk factors are also found in patients with renal failure. 6 We also reported the role of blood pressure, as one of the most important risk factors for CVD, in determining the prognosis for hemodialysis patients. 7 The chronic kidney disease (CKD) was reported as a risk factor for cardiovascular death in the general population, 8 and the adequate usage of antihypertensive medication such as angiotensin II receptor blocker had cardio-renal protection in patients undergoing coronary angiography. 9 However, little attention has been focused on patients with chronic renal insufficiency in the pre-ESRD period, a time when the risk-factor burden is increasing and specific risk factor reduction strategies could be implemented. Although several published studies have evaluated mortality predictors in maintenance dialysis patients, few have explored the impact on mortality risk of medical care provided to patients before the start of ESRD. It is tempting to speculate that patients referred to a renal clinic early in the pre-ESRD period might experience a greater survival benefit compared with those who are referred later. Early placement of vascular access, thereby avoiding the need for catheter placement and its associated complications, as well as the earlier control of hypertension, renal anemia, acidosis and hyperphosphatemia, are potential mechanisms through which this benefit might be achieved. Recent studies suggested that early predialysis nephrological care was associated with a lower mortality in hemodialysis patients in the USA. [10] [11] [12] The purpose of this study was to explore the impact of early nephrology referral (ER) before ESRD initiation on the timing of hemodialysis therapy and patient survival in Japanese patients.
Methods

Study Population
Three hundred and sixty-six patients (286 males and 80 females) with chronic renal failure, who had been introduced to hemodialysis therapy at the National Cardiovascular Center Hospital between 1983 and 2003 and discharged to branch hospitals for maintenance hemodialysis, were studied retrospectively. The time between first evaluation by a nephrologist and the date of first hemodialysis is referred as 'the time of evaluation'. The time of evaluation was less than 1 year in 59% of patients, less than 6 months in 47% and less than 3 months in 37%. Next, the patients were classified into 2 groups according to the time of evaluation and were categorized as late (less than 6 months) or early (more than 6 months).
The characteristics of the patient cohort at the time of the initiation of hemodialysis and during the pre-ESRD period are shown in Tables 1 and 2 . The primary renal diseases that caused chronic renal failure included 120 cases of chronic glomerulonephritis, 122 cases of diabetic nephropathy, and 85 cases of nephrosclerosis, 12 cases of polycystic kidney disease, 2 cases of lupus nephritis and 25 cases of unknown origin.
The ischemic heart disease (IHD) included myocardial infarction and angina pectoris; myocardial infarction was diagnosed using either electrocardiograms or echocardiograms, and angina pectoris was diagnosed from both symptoms and electrocardiograms. Cerebral vascular disease (cerebral infarction and hemorrhage) (CVA) was diagnosed by the clinical history, neurological examination and computerized tomography findings. Peripheral vascular disease (PVD) was diagnosed by symptoms (exertional claudication, rest pain) and/or prior revascularization procedures to the legs, and/or an ankle/brachial pressure index less than 0.9. A thoracic or abdominal aortic aneurysm (AA) was diagnosed by the clinical history and the computed tomography or ultrasonography findings. Smoking habits were recorded in 2 categories: current/former smokers and non-smokers.
Mortality findings were collected up to 30 June 2005 from the time when the patients were admitted for initiation of hemodialysis. Answers from 365 respondents were collected and the recovery rate was 99.7%. Of these patients, 167 died during the observation period (41 months). The primary end-point was all causes of mortality. Causes of death were obtained from the death certificates and hospital record forms. The deceased patients had chronic glomerulonephritis in 34 cases, diabetes in 64 cases, nephrosclerosis in 45 cases, polycystic kidney disease in 3 cases, lupus nephritis in 2 cases and unknown diseases in 19 cases.
Risk Factors Examined
The risk factors examined included: age, primary renal disease (diabetic nephropathy or not), past history of CVD, blood pressure, laboratory parameters, pre-ESRD therapy and placement of vascular access. Nurses measured blood pressure at the initiation phase of hemodialysis with the patient in the supine position after resting for more than 5 min before starting the first dialysis session. Antihypertensive medications were used in 91% of the patients.
Statistical Analysis
Values are represented as mean ± SD with a p value of less than 0.05 taken to indicate statistical significance. To compare continuous and categorical variables, t-tests and chi-square tests were used as appropriate. The association between risk factors and the timing of hemodialysis was determined by logistic regression analysis. Cumulative survival curves were estimated by using the Kaplan -Meier analysis and compared using the Cox -Montel (log-rank) test. Univariate survival analysis was carried out using the Kaplan -Meier product-limit method. Prognostic factors of survival were identified using the Cox's proportional hazards regression model. Age, primary renal disease, CVD, serum albumin concentrations, blood pressure and early nephrologist referral were included as variables of the multivariate models. All statistical analyses were performed with Stat View version 5.0 (SAS Institute Inc). Tables 1 and 2 show the baseline characteristics of all patients. The mean age at first hemodialysis was 63 years old and 60% of patients had IHD. Age at the first hemodialysis and gender were not different between the ER group and the late nephrologist referral (LR) group. ESRD caused by chronic glomerulonephritis was evident in the ER group, while diabetes mellitus was evident in the LR group (p< 0.05). The number of patients with IHD, CVA, PVD or AA was not different between the 2 groups. All of them had at least 1 CVD, such as hypertension, IHD, CVA, PVD or AA. Blood pressure at the initiation phase, blood urea nitrogen, creatinine, albumin, total cholesterol, trigricerides, glucose, serum calcium and phosphate were not significantly different between the groups. High-density lipoprotein-cholesterol was higher in the ER group. The echocardiography findings were worse in the LR group. Table 2 shows that age and serum creatinine at the first visit to the hospital were not different between the 2 groups, and that the time between the first visit to the hospital and the first hemodialysis was significantly longer in the ER group (p<0.005). The decline in renal function was slower in the ER group. The use of antihypertensive medications was more evident in the ER group, except for diuretics. Pre-ESRD medications for acidosis (sodium bicarbonate), ure- mia (spherical carbonaceous adsorbent), hyperphosphatemia (precipitate calcium carbonate), hyperuricemia (allopurinol), hyperkalemia (calcium polystyrene sulfonate, sodium polystyrene sulfonate) and anemia (erythropoietin) were more evident in the ER group, and blood transfusion was evident in the LR group. The permanent vascular access was placed more frequently in the ER group (73%) and earlier in the ER group (65 days before the first hemodialysis).
Results
Patient Characteristics
Development of ESRD
As shown in Fig 1, cumulative survival curves for the development of ESRD were computed. The duration was between the date of the first visit to the hospital and the date of first hemodialysis. There was a significant difference between the ER group and the LR group (p<0.005). Patients in the LR group were introduced to hemodialysis therapy earlier than those in the ER group. Table 3 shows the effect of several factors on the prolongation of initiation of hemodialysis therapy using univariate analysis. Renal function at first visit at the hospital, early referral to a nephrologist, antihypertensive medications and pre-ESRD medications had an impact on the prolongation of initiation of hemodialysis, but the past history of CVD, diabetic mellitus and permanent vascular access did not.
Morbidity, Mortality and Relative Risks (RRs)
Of the 366 consecutive hemodialysis patients, 167 died during the follow-up period of 41±42 months. As shown in Fig 2, the cumulative survival curves were computed. There was a significant difference between the ER group and the LR group (p<0.0001). Univariate analysis for all causes of mortality was performed ( Table 4) . The age at initiation of hemodialysis (p<0.0001), history of CVD (p< 0.001), blood pressure (p<0.05), early referral to a nephrologist (p<0.01) and cardiac function (p<0.05) were identified as being significantly associated with survival. Diabetes mellitus was not a significant risk. Univariate analysis for all causes of mortality at 1 year was performed (Table 4) . Age at initiation of hemodialysis (p<0.0005), history of CVD (p<0.01), blood pressure (p<0.005), early referral to a nephrologist (p<0.01) and early placement of permanent vascular access (p<0.05) were identified as being significantly associated with survival at 1 year.
According to the Cox's proportional hazards regression analysis, multivariate analysis for all causes of mortality was performed using the following risk factors: age, ER, diabetes mellitus, past history of CVD, systolic blood pressure and serum albumin ( Table 5 ). The significant variables retained by the models were age (p<0.0001) and ER (p< 0.05). Multivariate analysis for all causes of mortality was performed using the risks of: age, pre-ESRD medications, erythropoietin, antihypertensive medications, and on whether the patient had diabetes mellitus, a past history of CVD, and what their systolic blood pressure and serum albumin levels were (data not shown). The significant variables retained by the models were age (RR 1.05, p<0.0001), past history of CVD (RR 1.79, p<0.05), inadequate using of erythropoietin (RR 1.94, p<0.05), and inadequate using of antihypertensive medications (RR 2.35, p<0.005).
Discussion
We retrospectively examined the effect of nephrologist referral on the initiation of hemodialysis therapy and the mortality rate in CKD patients with CVD. ER had an impact on the prolongation of hemodialysis therapy initiation and a better survival rate to compare the LR, even if age and comorbidity were not different. In the present study, we found that LR to a nephrologist is: (1) a common problem in our hospital; (2) associated with an earlier start to hemodialysis therapy; (3) associated with a greater prevalence of poor outcome predictors, including comorbidity and cardiac function; (4) associated with suboptimal care in the pre-ESRD period, especially for those using antihypertensive medications, pre-ESRD medications, erythropoietin and with a lack of permanent vascular access at the start of hemodialysis therapy; and (5) contributes significantly to increased mortality independent of other known mortality predictors.
In the USA, delayed referral of patients to a nephrologist is common; more than 52.2% of patients have their first encounter with a nephrologist within 1 year of dialysis therapy initiation. 12 Of much greater concern, a substantial proportion of patients (32%) had their first appointment with a nephrologist less than 4 months before the start of ESRD and were consequently provided with little time to manage the complications of advanced uremia and prepare for RRT. Our findings showed that 59.6% of patients had their first contact with a nephrologist within 1 year of dialysis therapy initiation, and corroborated the results of other USA and European investigators who found similarly high rates of LR in recently published studies. 13, 14 These observations suggest that primary care providers and non-renal specialists refer patients with renal insufficiency late in the course of their disease to nephrologists, thereby delaying the provision of pre-ESRD health care. These practices might be caused, in part, by a lack of consensus by nephrologists on the optimal time for the referral of patients with chronic renal insufficiency. Recently, we showed that renal parenchymal damage was evident in patients with CVD, 15 and the deterioration in renal function after aortic surgery was dependent on the preoperative renal function, proteinuria and renal size. 16 For the population who had CVD, creatinine clearance less than 60 ml/min, proteinuria (containing microalbuminuria) or small kidneys, ER might be necessary.
We hypothesized that the delayed referral of patients to a nephrologist in the pre-ESRD period would compromise patient care delivery during this period. In support of this, we found that the LR patients were less likely to be prescribed antihypertensive medications, pre-ESRD medications or erythropoietin during the pre-ESRD period. Anemia, a strong predictor of mortality, was not prevalent among the LR patients, but the transfusion of red blood cells was performed more often in LR patients. We also highlight the strikingly lower degree of placement of permanent vascular access and higher degree of dialysis catherters in the LR group.
One could easily speculate that the poor delivery of nephrological care during this critical pre-ESRD period might have adverse effects for the patient outcomes. When patients are referred for late pre-ESRD care, there is a failure to use measures to halt the progression of renal insufficiency. The optimal blood pressure control, optimal control of anemia and several metabolic derangements, and creation of permanent vascular access are considered as factors for better survival. 10, 12 In our studies, the LR patients started hemodialysis therapy earlier than the ER patients, even if the renal function at the time of the first visit to the hospital Tables 1, 3, 4. and the comorbidity were not different between them. This means that the renal function declined rapidly in the LR patients compared with the ER patients. There was no difference in the decline in renal function between diabetic and non-diabetic patients. Age and renal dysfunction, inadequate usage or under use of pre-ESRD medications were risk factors for the earlier initiation of hemodialysis therapy.
The detrimental consequence of LR on patient mortality is the principal finding from this study. LR patients had significantly poorer survival compared with ER patients. Using Cox's proportional hazard regression analysis, LR remained independently predictive. In previous studies, LR patients were more common among black men than white men, uninsured patients than insured patients, and patients with severe comorbid diseases than those with mild comorbid diseases. 10, 12 In Japan, there are few ethnic differences and there is universal health insurance. In the present study, there was no difference in comorbidity between the groups.
In the study, the association of LR with an elevated mortality risk was seen in patients with ESRD both with and without diabetes. The impact of LR on mortality was the same in the non-diabetic and diabetic cohorts. The previous study showed that no difference in survival was observed between the LR and ER patients with diabetes, and suggested that the diabetic patients were more likely to be followed up by internists and 1 or more subspecialists during the pre-ESRD period and therefore receive more intensive health care compared with the non-diabetic patients in the USA. 12 In Japan, there is universal health-care insurance and patients were followed up by internists or subspecialists during the pre-ESRD period; therefore, diabetic patients were not likely to be followed up more frequently compared with non-diabetic patients.
We found that ER was a significant risk reduction factor for survival, while diabetes and a past history of CVD were not. As for the pre-ESRD medications, using erythropoietin and antihypertensive medications were independent factors for better survival. Recent studies showed that erythropoietin reduces renal dysfunction 17 and can improve cardiac function, renal function and quality of life in patients with chronic heart failure and chronic renal failure. 18 Our use of erythropoietin in the pre-ESRD period was not different compared with the results of recent studies in the USA, but nevertheless seems to be low. Pre-ESRD therapy involving the use of eythropoietin or antihypertensive medications seems to be important for the prognosis of patients with renal failure. A nephrologist is expected to have good communication with other medical doctors for the management of patients with renal failure, especially in terms of anemia and blood pressure.
We conclude that LR to a nephrologist is a common occurrence for new dialysis patients in our hospital, and is associated with suboptimal pre-ESRD care. LR patients experienced a greater degree of blood transfusion and a lower prevalence of permanent vascular access at dialysis therapy initiation, substantial under-use of antihypertensive medications, substantial under-use of pre-ESRD medications, and substantial under-use of erythropoietin during the pre-ESRD period. Moreover, even among ER patients, the overall prevalence of permanent vascular access placement and pre-ESRD erythropoietin use was low. LR patients experienced an earlier initiation of hemodialysis therapy and significantly poorer survival than ER patients. The findings of the present study suggest the need for improved communication between nephrologists and other healthcare providers, given the importance of ER for renal clinic patients, so that greater measures can be taken to arrest the progression of renal disease and promote a healthier transition to dialysis therapy. They also suggest that greater attention be given to anemia management and the use of arterio venous fistulas during the pre-ESRD period to improve patient survival.
